Fetal lung surfactant lipid synthesis from glycogen during organ culture.
The role of fetal lung glycogen as a precursor for lipids during late gestational development was explored by a combination of in vivo labeling with [U-14C]glucose, administered directly to rat fetuses at 18.5 days, and in vitro assessment using an organ explant culture system. Our major objectives were to demonstrate that radioactivity was transferred specifically and preferentially to surfactant lipids, as glycogenolysis occurred, and to determine the molecular distribution of 14C labeling in newly synthesized phosphatidylcholine (PC). Surfactant and residual (non-surfactant) lipids were separated by sucrose density gradient centrifugation, and other subcellular fractions such as microsomes were isolated by subsequent centrifugations. After 72 h of culture, there was a 5.7-fold increase in the concentration of PC in the surfactant fraction, which contributed 8.8% of total PC at the beginning and 29.6% (P less than 0.001) at the end of the 72 h period. The labeling of PC in the surfactant fraction increased markedly during culture, but there was no significant change in the residual fraction or microsomal PC. Hydrolysis of surfactant PC indicated that the radioactivity was predominantly located in the fatty acyl portion of the molecule, both before and after culture; however, PC glycerol labeling also increased significantly during culture. The distribution of PC radioactivity was similar in the residual fraction and microsomes, with the majority of 14C in the fatty acids. Neutral lipid radioactivity also increased significantly in both the surfactant (240%) and residual (136%) fractions. Quantitation of the changes in radioactivity among subcellular components during lung explant culture indicated that the greatest decrease occurred in glycogen, whereas only lipids, particularly those of the surfactant fraction, were found to show significant increases. These results support the hypothesis that glycogen, which accumulates in fetal lung prior to augmented surfactant production, can supply precursors for synthesis of functionally essential pulmonary phospholipids.